Effect of three resin cements on micro push-out bond strength of fiber-reinforced composite post to radicular dentin at different root levels by Ankur Dua et al.
International Journal of Clinical Dental Sciences (2015), 6, 1–6
International Journal of Clinical Dental Science ● Vol. 6:1 ● 2015 1
O R I G I N A L  A R T I C L E
Eff ect of three resin cements on micro push-out bond 
strength of fi ber-reinforced composite post to radicular 
dentin at diff erent root levels
Ankur Dua1, Deepti Dua1, Othman Wali2
1Department of Conservative Dentistry, IbnSina National College for Medical Studies, Jeddah, Saudi Arabia, 2Department of Periodontics, IbnSina National 
College for Medical Studies, Jeddah, Saudi Arabia
Abstract
Background: Prefabricated fi ber posts are being commonly used to restore extensively 
damaged endodontically treated teeth due to their various advantages. However, the 
main cause of their failure has been reported as dislodgement of the posts which may be 
related to the type of cement used for its cementation.
Aims and Objectives: To assess the micro push-out bond strength of fi ber-reinforced 
composite post to root dentin at diﬀ erent levels after cementation with an etch-and-
rinse, self-etch, and a self-adhesive type of resin cement.
Methods: Thirty extracted human maxillary central incisors were transversely sectioned 
at 15 mm from the apex. Canals were prepared with rotary instruments to obtain an 
apical size of 45, 0.02 taper and obturated. Standardized post spaces were prepared 
and specimens were assigned into three groups based on the cement used for post 
cementation: Variolink II (etch-and-rinse resin cement), Panavia F 2.0 (self-etch resin 
cement), and RelyX Unicem 2 (self-adhesive resin cement). The roots were sectioned 
into 1 mm thick slices at the coronal, middle, and apical level, and the micro push-out test 
was performed using a universal testing machine at a crosshead speed of 0.05 mm/min. 
The failure mode was evaluated for each specimen under a stereomicroscope at ×10 
magnifi cation. Two-way analysis of variance and Tukey B multiple comparison test were 
used to analyze the data with the signifi cance level set at P < 0.05.
Results: The micro push-out bond strengths were signifi cantly higher for 
Variolink II compared to the other two types of cements (P < 0.05). Bond strength 
decreased signifi cantly from the coronal to the apical region of the root canal irrespective 
of the luting cement used.
Conclusion: This study showed that the micro push-out bond strength of fi ber-
reinforced posts is aﬀ ected by the type of resin cement used for cementation and the 
region of the root canal dentin.
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Introduction
The long term success of any restoration of an endodontically 
treated tooth depends on the quality of the restoration, on its 
clinical adaptation and on the health of the supporting tissue.[1] 
The extensive loss of tooth structure in endodontically treated 
teeth may necessitate the use of posts to retain the core material. 
Fiber-reinforced composite (FRC) posts along with resin cement 
and restorative material can form a monoblock with root dentin 
enabling structural and functional homogeneity.[2] Furthermore, 
fi ber posts have been advocated due to their advantages of 
corrosion resistance, non-hypersensitivity, esthetic appeal and 
single visit oﬃ  ce placement.[3] Numerous in-vitro studies[4,5] have 
shown that fi ber posts allow for more uniform distribution of 
occlusal stresses in the root dentin, leading to fewer and more 
favorable root fractures since they have comparable modulus of 
elasticity with sound root dentin. Failures of fi ber posts usually 
occur from debonding or less often their fracture.[6,7]
There are various factors that may aﬀ ect the bonding capacity 
of FRC post systems including any variation in the design or 
Micro push-out bond strength of fi ber post Dua, et al.
2 International Journal of Clinical Dental Science ● Vol. 6:1 ● 2015
their composition. This may lead to better retention of the posts 
in the root canal and thus reduce the micro leakage. Limited 
moisture control[8] and unfavorable cavity confi guration factor 
(C-factor)[9,10] have been reported as adverse factors in bonding 
adhesive materials to radicular dentin. Thus, any modifi cation 
in properties of luting materials may result in better bonding of 
posts to the root canal dentin.[11,12]
Diﬀ erent luting agents and corresponding adhesive systems 
have been proposed for bonding FRC posts to root canal dentin 
which include conventional resin cements (etch-and-rinse 
system), self-etch adhesives and self-adhesive cement (do not 
require any pretreatment of dentin). The control of moisture 
during and after etching with phosphoric acid and degree of 
infi ltration of the resin into the dentin signifi cantly aﬀ ect bond 
strengths.[13] The self-etching systems are generally applied 
on dry dentin and do not require rinsing of the acid. It can be 
speculated that the thickness of the smear layer inside the root 
canal may aﬀ ect the bond strengths. Qualitative analysis of the 
resin-dentin inter-diﬀ usion zone showed a smaller hybrid layer 
and fewer resin tags for self-etching adhesive systems compared 
with etch-and-rinse systems.[14]
Further, the bond strength of luting cement to the root canal 
dentin is found to be aﬀ ected by the region of the root canal. The 
diﬀ erence has been noted in bond strengths at apical, middle, 
and coronal thirds of the root canal dentin with the same resin 
luting cement.[15,16] Ferrari et al.[16] evaluated the morphology 
of dentin in root canals and revealed that the cervical third of 
root canal has higher tubule density when compared to middle 
and apical thirds. As the number of dentinal tubules decreases 
from the coronal to the apical root, the eﬀ ect of acid etching 
and dentine bonding can vary at diﬀ erent levels in the same root 
canal. Therefore, the objectives of this in vitro study were:
1. To evaluate the eﬀ ect of diﬀ erent types of luting cements on 
the retention of fi ber-reinforced post
2. To investigate regional root canal micro push-out bond 
strength of a fi ber-reinforced post using diﬀ erent luting 
cements
3. To evaluate the mode of failure of a fi ber-reinforced post.
Here, the null hypothesis was that bond strengths to root 
canal dentin do not vary with the type of luting agent and the 
region inside the root canal.
Methods
specimen preparation
Thirty extracted human maxillary central incisors with straight 
roots, and fully developed apices were selected. Teeth with roots 
showing resorption, caries, or cracks were excluded. External 
debris was removed with an ultrasonic scaler, and the teeth were 
stored in 0.1% thymol solution prior to the study.
The teeth were transversely sectioned with a diamond disk 
under water cooling to obtain a uniform length of 15 mm from 
the apex. A size 10 K-fi le (Dentsply Malliefer, Switzerland) was 
passed just past the apical foramen, and the working lengths were 
established by reducing 1.0 mm from this length. Instrumentation 
was done using Nickel-Titanium rotary instruments to obtain 
an apical size of 45, 0.02 taper (K3, Sybron Endo, CA, USA). 
Irrigation was performed using 1 ml of 3% sodium hypochlorite 
solution after every change of fi le size throughout the cleaning 
and shaping. After drying with absorbent paper points, the 
roots were obturated using gutta-percha and resin sealer (AH 
Plus, DentsplyDeTrey, Konstanz, Germany) with cold lateral 
compaction. Then the roots were stored at 37°C in distilled 
water for 1 week.
Bonding of fi ber posts
Gutta-percha was removed from the coronal and middle thirds 
of each root while apical 4 mm of gutta-percha was allowed to 
remain to preserve the apical seal. Post spaces were prepared to 
a uniform depth of 10 mm using a low speed drill available with 
the post system. (FRC Postec Reamer Size 3, Ivoclar Vivadent. 
Schaan, Liechtenstein). Radiographs were taken to ensure 
complete removal of gutta-percha from the root canal walls of 
prepared post space. “FRC Postec” posts size 3 were tried in and 
verifi ed radiographically. After the post space preparation, the 
canals were irrigated with smear clear solution (SybronEndo, 
Orange, CA, USA) followed by 3% NaOCl to remove the smear 
layer. Then the canals were fl ushed with distilled water and 
fi nally dried with paper points. All specimens were prepared 
by one practitioner in a standardized procedure. The samples 
were randomly assigned to 3 groups based on the type of luting 
cement used [Table 1]. In Group 1: Posts were cemented 
with Variolink II luting cement (Ivoclar Vivadent, Schaan, 
Liechtenstein) which is a dual cure etch-and-rinse adhesive 
cement (n = 10); Group 2: Posts were cemented with Panavia F 
2.0 cement (Kuraray, Osaka, Japan) which is a dual cure self-etch 
adhesive cement (n = 10); Group 3: Posts were cemented with 
RelyX Unicem 2 luting cement (3M ESPE, St. Paul, USA) which 
is a dual cure self-adhesive cement (n = 10).
Group 1: The etching gel containing 35% phosphoric acid 
(UltraEtch, Ultradent, South Jordan, UT, USA) was applied to 
post space walls with a needle for 15 s and then rinsed thoroughly 
with water. Paper points were used to remove any excess water 
from the post spaces. Excite DSC (Ivoclar Vivadent, Schaan, 
Liechtenstein), a dual polymerized single bottle dentin bonding 
agent was applied with a microbrush tip for 10 s and polymerized 
for 20 s using a halogen light unit (Monitex, Taiwan). For 
cementation of posts, equal amounts of base and catalyst of dual 
polymerized resin luting agent’s (Variolink II) were mixed and 
applied to the surface of the posts. The posts were placed inside 
the prepared spaces to the full depth by using fi nger pressure, 
and the excess was immediately removed. Air block gel was 
applied on the margins, and light curing was performed for 40 s.
Group 2: Each canal was conditioned with the ED primer 
available in the resin cement kit. One drop each of liquid A 
and B were mixed and applied to the post space walls using a 
microbrush and light cured for 20 s. Equal amounts of base and 
catalyst (Panavia F 2.0) were mixed and posts were cemented. 
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After application of air blocking gel, light curing was performed 
for 40 s.
Group 3: The dual polymerized self-adhesive resin luting 
agent was prepared according to the manufacturer’s instructions. 
After cementation, light curing was performed for 40 s.
Before cementation, all the fi ber posts were cleaned with 
95% ethyl alcohol and dried with air spray. The specimens were 
stored in distilled water for 24 h.
Micro push-out testing
All the roots were sectioned transversely in a sectioning 
machine (Isomet 1000, Buehler, Lake Bluﬀ , USA). Three 1 mm 
thick slices were made from each root at 1 mm, 5 mm, and 9 mm 
from their cervical portion, representing the coronal, middle, 
and apical region of the canal. A coronal aspect of each slice was 
marked with an indelible marker. A digital caliper (accuracy of 
0.001 mm) was used to measure the radius of the canals and 
the thickness. The micro push-out test was performed using a 
universal testing machine (1121; Instron, Danvers, MA, USA) 
with a crosshead speed of 0.05 mm/min. The push-out pin of 
diameter 1.0 mm was centered at the center of post surface, 
without stressing the surrounding post walls and the load was 
applied to the apical side of the root slice to avoid any limitation 
of post movement due to post taper. The peak force that leads 
to the extrusion of post segment was considered as the point 
of bond failure and recorded in Newton (N). Bond strength 
in MPa was calculated by - Bond strength (MPa) = Force 
(N)/Area (mm2). To determine the bonded interfacial area, 
the formula to calculate the lateral area of a circular straight 
cone with parallel bases was used. The formula is defi ned as 
A = πg (R1+R2), where π = 3.14, g = Slant height, R1 = Apical 
radius, and R2 = Coronal radius. To determine the slant height, 
the following calculation was used: g2 = (h2+[R2-R1]2), where 
h = Section height.
The samples were then examined under a stereomicroscope 
at ×10 magnifi cation to evaluate the mode of failure. The type 
of failure was categorized into the following fi ve categories: 
(i) adhesive failure between dentin and cement; (ii) adhesive 
failure between post and cement; (iii) cohesive failures within the 
cement; (iv) cohesive failures within the post; (v) mixed type.
Statistical analysis
The data obtained were analyzed using a two-way analysis of 
variance and Tukey B multiple comparison test. The signifi cance 
level was set at P < 0.05.
Results
The mean bond strengths (MPa) achieved on extrusion of the 
posts from the diﬀ erent root segment sites in each group are 
given in Table 2. There was a signifi cant diﬀ erence in the bond 
strengths with diﬀ erent luting cements and at diﬀ erent regions 
inside the root canal. The resin-based luting cement employing 
a separate acid-etch in Group 1 had signifi cantly higher micro 
push-out strength than the other two groups (P < 0.001). Push-
out bond strengths decreased from coronal to apical region 
irrespective of the luting agent used. The most observed failure 
type was adhesive failure between the dentin and luting cement 
alone or in combination with a cohesive failure in luting material 
as shown in Table 3.
Discussion
The present study investigated the bond strengths of FRC post 
with diﬀ erent resin cements to root canal dentin using a micro 
push-out test. This test is based on the shear stress at dentin and 
luting cement interface as well as between post and cement, and 
is comparable to the stresses under clinical conditions. It has 
been found that push-out the test is a more reliable and accurate 
technique to measure the bond strengths of fi ber posts to root 
dentin compared to conventional and modifi ed microtensile 
tests.[17] This is because the push-out test is a true shear test since 
it allows the fracture to occur parallel to the dentin-bonding 
interface.[18]
The diﬀ erent luting cements were selected in the present 
study for their diﬀ erent pre-treatment procedures during 
application to dentin. In the present study, the fi ber posts 
cemented with Variolink II showed a signifi cantly higher bond 
strength compared to other two groups which were similar 
to the studies by Kececi et al.[19] and Wang et al.[20] In another 
study, Goracci et al.[21] assessed the interfacial strength and 
Table 1: Description of the luting cements and their composition used in the study
Luting cement Manufacturer Polymerization and 
conditioning method
Composition
Variolink II Ivoclar-Vivadent, Schaan, 
Liechtenstein
Dual curing, Etch and rinse Monomer matrix: BIS-GMA, UDMA, TEG-DMA
Inorganic fi llers: Barium glass, ytterbium trifl uoride, Ba-Al 
fl uorosilicate glass, spheroid mixed oxide
Panavia F 2.0 Kuraray, Osaka, Japan Dual curing, self-etch MDP, dimethacrylate, barium glass powder, sodium fl uoride, 
silica, amine, benzoyl peroxide, sodium aromatic sulfi nate
RelyX Unicem 2 3M ESPE, St. Paul, USA Dual curing, self-adhesive 
resin cement
Base: Methacrylate monomers containing acid groups, 
silanated fi llers, initiator components, stabilizer
Catalyst: Methacrylate monomer, alkaline fi llers, silanated 
fi llers, initiator components
MDP: 10-methacryloyloxydecyl dihydrogen phosfate
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ultrastructure of total-etch, self-etch, and self-adhesive resin 
cements (Variolink II, Panavia 21, and RelyX Unicem) used 
for luting glass fi ber posts with the “thin-slice” push-out test 
and transmission electron microscopy. The values achieved 
by Variolink II were signifi cantly higher than Panavia and 
RelyX Unicem because the monomers used in Panavia 21 and 
RelyX Unicem for surface conditioning did not allow eﬀ ective 
removal of smear layer from root dentin. Similarly, Valandro 
et al.[22] concluded that more reliable bond strengths in the post 
space might be achieved when using multiple bottles total-etch 
adhesive systems instead of self-etching adhesives. However, 
these fi ndings do not correlate with those of Bitter et al.[12] who 
found signifi cantly higher bond strengths with the self-adhesive 
resin cement. Although RelyX Unicem does have the advantage 
of moisture tolerance in root canals, according to the present 
fi ndings surface pre-treatments of dentin should be more 
eﬀ ective. Hence, further studies should be done to understand 
the clinical behavior of this cement.
In the present study, the post surface was coated with the resin 
cement as per manufacturer’s recommendations and then placed 
inside the prepared post space. The microscopic evaluation 
revealed the absence of voids which is in contrast to another 
study.[23] The application of resin luting agent with a lentulo spiral 
instrument can be considered as an eﬀ ective method to reduce 
voids within the luting cement.[24] Furthermore, there were no 
signs of premature polymerization prior to post insertion in the 
present study which could be due to the suﬃ  cient working time 
provided by the dual-polymerized resin cements.
Several studies have been done to understand the bond 
strengths between resin luting cements and the root canal dentin 
at diﬀ erent levels in a root canal. These studies report contrasting 
results with lower bond strengths in apical region[9,25-28] while 
there are some reports with higher bond strengths in the apical 
third[12,29] and some reports suggest that diﬀ erent root levels do 
not signifi cantly aﬀ ect the bond strengths.[30,31] In the present 
study, there were signifi cant diﬀ erences in the bond strengths 
between the three regions of root canal in all the groups, 
with the highest values for the coronal third and lowest for 
the middle and apical thirds. This seems to be infl uenced by 
tubule density which decreases signifi cantly from coronal to 
apical root regions. The dentin in the apical region of the root 
is a less favorable bonding substrate because of areas devoid of 
tubules, presence of irregular secondary dentin, cementum-like 
tissue on the root canal wall and numerous accessory canals.[32] 
Decreased bond strength in the middle and apical thirds may 
also be related to the inadequate access in that region, relatively 
diﬃ  cult distribution of resin cement with void formation[9,28] 
or to remnants of gutta-percha and endodontic sealer in this 
region after post space preparation.[33] Moreover, for the resin 
cement utilizing the etch-and-rinse procedure (Variolink II), 
the diﬃ  culties of controlling moisture in the apical third of the 
post space probably result in the retention of remnant water 
within the dentine tubules, causing an incomplete infi ltration of 
the resin agent.
The C-factor that is, the ratio of bonded to non-bonded 
surfaces in root canals is much higher and more complex than 
that in the cavity preparations for composite restorations.[10] The 
C-factor associated with the posts may exceed 200[9] leading 
to numerous interfacial gaps.[34] Very high stresses may be 
generated within long narrow post spaces because of rapid 
shrinkage with reduced fl ow relief during the polymerization of 
resin-based cements, leading to lower dentin bond strengths.[9]
Bond strengths of resin composites to fi ber posts are 
low because of the absence of chemical union between 
methacrylate – Based resins and the epoxy resins of the posts.[35] 
The composition of the resin polymer matrix of the post aﬀ ects 
the ability of resin adhesives to penetrate between the fi bers and 
achieve adequate micromechanical adhesion.[36] The type of 
resin composite core material used for bonding to the fi ber post 
also aﬀ ects the microtensile bond strengths obtained, with the 
dual cure being preferable to light cure composites[37] and highly 
fi lled being preferable to less fi lled composites.[38]
Various surface treatment procedures have been investigated 
in an attempt to increase the bond strength of the post to the 
luting cement, such as silanization, hydrofl uoric acid etching, 
sandblasting, and tribochemical silica coating. Among these, 
silanization is the most common used technique to achieve 
this goal which was also followed in our study. Many authors 
have reported an increase in the microtensile or push-out bond 
strengths with this pre-treatment procedure,[39,40] whereas 
some studies have reported no signifi cant eﬀ ect.[41,42] Liu 
et al.[43] demonstrated that sandblasting the post surface had a 
signifi cant eﬀ ect on the micro push-out bond strength compared 
to silanization. In the study by Monticelli et al.,[35] etching the 
epoxy resin surface of the post with hydrogen peroxide followed 
by silanization of the exposed quartz fi bers and infi ltration with 
Table 2: Mean push-out bond strength values (MPa) with their 
standard deviations
Groups Coronal Middle Apical
Group 1 (Variolink II) 13.77 (0.53)a 12.11 (0.52)c 10.91 (0.56)e
Group 2 (Panavia F 2.0) 10.64 (0.33)b 9.58 (0.28)d 9.09 (0.40)f
Group 3 (RelyX Unicem 2) 10.36 (0.27)b 9.42 (0.18)d 8.68 (0.45)f
P value <0.0001 <0.0001 <0.0001
Same lower case letters indicate no significant difference by Tukey’s post-hoc 
analysis comparison test (alpha=0.05)
Table 3: Distribution of the failure modes following the push-out 
test
Failure mode Group 1 Group 2 Group 3 Total
Adhesive failure between dentin 
and cement
14 9 14 37
Adhesive failure between post and 
cement
1 2 0 3
Cohesive failures within the cement 7 7 4 18
Cohesive failures within the post 0 1 1 2
Mixed type 8 11 11 30
Number designates the number of samples having that type of failure
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a low viscosity fl owable resin composite, signifi cantly enhanced 
the interfacial micromechanical bond strength.
According to stereomicroscopic fi ndings, mixed type failures 
(Type 5) were observed in most of the Variolink II group which 
is an indication of the homogenous distribution of stress. In 
contrast, RelyX Unicem 2 group exhibited more commonly the 
adhesive failures along with cohesive failures (Types 1 and 3).
Conclusion
Within the limitations of the study, it can be concluded that the 
type of luting cement and region of the root canal dentin does 
have an eﬀ ect on the push-out bond strength of fi ber-reinforced 
posts. Higher bond strength values were obtained with Variolink 
II when compared with other two luting agents used. The null 
hypothesis was rejected.
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